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1. The effect of the A~-androstene-3-one-l~-spirolactone 

on the circadian rhythm of ovulation-cviposition and on ana- 

tomical changes of the adrenals, ovaxy, oviduct, and body weight 

is presented. 

2.  This synthetic steroid caused an exponential regression 

in weight of the adrenals and the ovary, a variable effect in 

body weight and a linear regression of the oviduct preceded by 

a short increase in weight. 

3. Several possible sites of drug action are suggested. 
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Biological rhy-$hns have been observed and evaluated for 

approximately 200 years (Bunning, 1960). 

nation collected pr ior  t o  the work by Rowan (1925) on b i rds  

was primarily descriptive in  nature. Many aspects of the re la -  

However, the infor- 

tionship between the environient and the circadian rhythm of 

ovulation-oviposition have been reported (Farner, 1964; Benoit, 

1961; Wolfson, 1963; Wilson and Woodard, 1958; Winget and 

Griffin,  1962). 

The circadian rhythm of ovulation-oviposition i n  the b i r d  

i s  well established (Nalbandov, 1-962)~ and many of the events 

i n  t h i s  cycle are  documented (Nal?jandov, 1958). The onset of  

t'ne cycie jovuiation j ana i t s  termination -(oviposition) occurs 

during hours of l i gh t  whereas the agent inducing t h i s  cycle, 

luteinizing hormone (X) i s  released during darkness. 

(1961) has established a random dis t r ibut ion of the oviposition 
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cycle when birds  are exposed t o  24 hours of I lght  and Wilson and 

Woodzsd (1958) have not been able t o  completely suppress the cycle 

by exposure t o  24 hours or" darkness. 

(tiraer) f o r  t h i s  cycle and the  s t i -mlator  f o r  growth and develop- 

ment of gonadal t issue (Benoit, 1964). However, the rate of LX 

release i s  the control ler  f o r  the oviposition cycle (Nalbandov, 

Light i s  the "zeitgeber" 

1962). 

The mechanism f o r  control of LH reiease i s  s t i l l  not con- 

p le te ly  established. 

release i n  the b i rd  by the s t i m l a t i o n  of a neurohumoral system 

with afferent neurons originating i n  the oviduct. In  addition, 

Critchlow e t  a l .  (1963) have shown a close relationship between 

neuroendocrine mechanisms and the cyclic release of ACTH i n  mice. 

Huston (1953) has jeen able to  block LH 

The purpose of the research reported herein i s  t o  study 

mechanisms associated with the circadian rhythm of oviposition. 

A synthetic s teroid A4-andro stene -3 -one -17 -spirolactone with 

minimal estrogen-androgen properties, yet capable of interfer ing 

with the adrenal hypothalmus axis, w a s  employed. 

has been shown t o  be a competitive inhibi tor  t o  E A  (Kagawa e t  a l . ,  

l957a). 

(Kagawa and Tar1 k m i ,  195p); m.d i n  the dog it does not possess 

This compound 

It will block the e f fec ts  of aldosterone i n  the r a t  

anabolic, androgenic, o r  estrogenic ac t iv i ty  ( D r i l l  and Riegel, 

1958) 



Single c o d  white Leghorn hens, approximately 17 months old, 

were raintained in  individual cages wit‘n food and water ad libitum. 

Approximately 5 foot-candles oi incandescent l i g h t  w a s  supplied 

at  the cage f r o n t  from 6 a.m. t o  8 p,m. To condition the birds, 

each b i rd  w a s  handled daily for 14 days pr ior  “co the  stazt of the 

experiment. Daily records of lay were maintained. Two experi- 

mental groups of hens were selected from the b i rds  which had l a i d  

an egg each day f o r  a t  l ea s t  three successive days immediately 

before drug administration. 

random w a s  maintained throughout the experimental period t o  eval- 

uate drug ef fec ts  on the  primary and secondary sex organs, body 

weight, and the adrenals. 

throughout the experiment a1 per i o d . 

One group (96 birds)  selected at 

A placebo-injected group was maintained 

The drug w a s  suspended in corn o i l ,  and a single inject ion 

w a s  given i n  the pectoral  muscle i n  a volume of 0.1ml between 

4 and 5 p.m. iiirds were sacrificed at  specific times a f t e r  t r e a t -  

ment with an overdose of sodium pentobaYbito1; the  organs removed, 

dissected, blotted,  and weighed on an analyt ical  balance. V a r i -  

ance and covariance methods were u t i l i z e d  i n  the analysis of the 

data. 
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RESULTS 

Graded doses of a 17-spirolactone were administered t o  

laying hens t o  compare the dose e f fec ts  of this synthetic s te ro id  

on the circadian rhythm of ovulation-oviposition (Fig. 1) and 

cer ta in  organs (Table 1). From a cornpasison of the i n i t i a l  d a i l y  

rate of oviposition with the daily r a t e  of oviposition after drug 
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injection, it i s  apparent that  the drug is  an effect ive inhibi tor  

of this circadian rhythm. 

i s  related t o  the amount of the compound administered, with the 

two high levels  causing complete cessation of the cycle. 

Furthermore, the degree of inhibi t ion 

The ra tes  of decrease i n  the circadian rhythm d t e r  drug 

treatment are given in Table 2. 

response curves by the method of l ea s t  squases. 

Polynomials were f i t t e d  t o  the 

The control 

group f i t s  a l i nea r  regression, whereas the t r ea t ed  groups were 

. '. . '  

bes t  describedby second degree polynomials. 

regression coefficients were h i g a y  significant (p  < 0.001). 

.This indicates a single-phase response f o r  all l eve ls  of the 

spirolactone investigated. 

In a l l  cases the 

The e f f ec t  of the spirolactone on ovum formation, measured 

as a M c t i o n  of ovary weight, has been calculated f o r  each group 

of b i rds  i n  terms of a pretreatment weight (Fig. 2). 

suggest a dose gradient effect  with the maximmu l eve l  approximately 

50 percent more effect ive i n  causing ovary regression than the 

The data 
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m.inL~m level .  'Ikie ovary vieisiits (Tz32-e 1) show a s ignif icant  

dose response (p  < 0.01) at  d.1 levels.  However, a conparison 

02 t'ne various levels  indicates tha t  the minirnlm l eve l  has s ig-  

n i f ican t ly  di3feren-L ef fec t  than the other levels  (p < 0.01). 

The change i n  ovary weight following treatment i s  logari th-  

~ L c a l l y  re la ted t o  the dosage 02 the drug administered and can 

be expressed as: 

-0.04D Per cent change i n  ovary weight = 62e 

yherz 62 i s  a31 extrapolated c o n s t a t ;  D 

mg/kg body weight; and .-0.04 i s  the dose response constant. 

i s  the dosage i n  

The oviducal response curves f o r  a l l  drug levels  inves t i -  

gated a re  siclilar (Fig. 3) and the oviducal weights (Table 1) 

show a drug e f fec t  over time (p  < 0.01). 

s ign i f icar t ly  different  (p  < 0.01) from the other days observed 

&?id from each other. 

response f o r  the other eaer'imental days. 

i n  oviducal weight per day for  <?e maximum drug leve l  (k = -0.25) 

i s  sornewhat greater than the r a t e  of decrease f o r  the two in t e r -  

mediate levels  (k = -0.18; k = -0.16) but it i s  smaller i n  com- 

parison t o  the lowest drug level (k = -0.31); however, the 

duration of  the response t o  the mininum drug leve l  i s  shorter i2m 

the others. 

f o r  "normal" pigeons (Riddle, 1938) undergoing seasonal sexual  

cycles. 

xg res s ion  reported by Smi'c'n e t  a l .  (1957) f o r  progesterone 

t rea ted  SCWL fowl. 

Days 2, 5, and 9 axe 

There w a s  no significant difference i n  

The r a t e  of decrease 

These involution r a t e s  are smaller than those reported 

On the other hard, they are  larger  than the r a t e s  of 
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To fur ther  eluci3z:e -,:.,e r"r?c:?r-?isrr?s involved i n  the drug 

effect  on the oviduct, tke c k m g e  ir- weight of the uterus and magnm 

were xeasured. The uterus .z?d n&gran appear t o  have a response 

similar t o  the oviduct f o r  t h i s  spirolactone. 

and she l l  gland show the saTe s igni f icar t  variation over t h e  

(p < 0.01) as the oviduct. 

Further, the magnm 

The kinet ics  or" the ackenal response are similar t o  those 

observed i n  the ovary and apparently are  also of the f i r s t  order, 

and follow the relationskip: 
-0.Ol;T D = 0.23e 

where 0.23 i s  an extrapolated cons tan t ;  I) 

(mg) at time 

treatment; -0.04 i s  the  rate constant l o r  a b e n a l  involution; and 

i s  the adrenal weight 

'1; T i s  the ti% (In dzys) e l a p e d  since drug 

e 

The Lrug effect  may be somewhat larger than the data indicate 

si-ce the experiment was performed i n  the sumer months (June and 

July) when the adrenal wei&hz would be i-ncreasing (Kornfeid, 1957). 

The var ia3 i l i ty  (33.05) of the  adrenal weight i s  larger  than f o r  

other organs because the l e f t  adrenal i s  erkedded i n  the ovary 

(Xswai, 2-954) and Ynerefore a "clem" dissection i s  d i f f i cu l t .  

i s  the Naperian number, the base of the natural  logarithms. 

A n  analysis of variance of these adrenal daxa for tine biras 

t reated with a spirolactone showed tha t  the drug has a highly s ig-  

nif icant  e f fec t  (p C 0.01) a t  a l l  levels (Fig. 4 ) .  

not vary significantly from the  other levels;  l eve l  2 was s ign i f i -  

cantly different  from 3 md 4 (p < 0.05) ; and l eve l  3 showed no 

Level 1 did 

difference from l eve l  4. 



Yae drag has soze geizerzl pkj-siological e f fec ts  since there  

i s  a decrease i n  mean body welght 5n a l l  animals t reated.  Eow- 

ever, t h i s  decrease i n  body wel&i;--L i s  not s t a t i s t i c a l l y  s ignif-  

icant .  The average 5ody weighx respmse t o  the drug i s  

i l l u s t r a t e d  in Fig. 5. The body weight decreases at  approximately 

the same rate for a i l  d x ~ g  levels through day 13, after which only 

tnose animals receiving the xaximm leve l  continue t o  decrease i n  

weight. Wiether t'nis decrease can be at t r ibuted t o  the increase 

i n  metzbolic r a t e  reported to a c c o q a y  forced decrease of sexual 

ac t iv i ty  (Rice e t  al., 1903) is  not apparent from the data. How- 

ever, the body weiglit decreese i s  slriilar t o  the weight losses 

reported f o r  Erjeptin (Sfitii e t  a:. , 1957). 
weight loss observed i n  progesterone-treated b i rds  (Adams, 1955), 

as well as  norethandrolone treated b i rds  (Winget and G r i f f  in, 1962) 

The var iab i l i ty  in 

. i s  also apparent i n  these eqe r imen t s  (CV z 13 per cent).  

DISCUSS1 ON 

Tiie exper-iments described indicate tha t  a Ah-androstene-3- 

one-17-spirolactone has an er'f'ect on the adrenals, ovary, oviduct, 

an6 t'ne circadian rhythci of  oviposltion. Die data  do not indicate 

a single mechanism response t o  this synthetic steroid.  A probable 

s i t e  of drug action i s  i n  the preoptic area of the  diencephalon 

because a "block1' i n  t h i s  area can explain most or" the drug e f fec ts  

observed (i. e. ,  apyarent decrease i n  FSIi, LE, and ACTH secretion 
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r a t e s ) .  

( D r i l l  ad Riegel, 1958) a?d act as a ganglionic "blocker" i n  

the preoptic area. 

Such a ' h ~ l o ~ k l '  r2y ';e sl:.;llar t o  cer ta in  other s teroids  

The avian pitili;ary-gonad relationship i s  similar t o  the 

mamdian counte-rpart, excepx 7SE and LE are  secreted continually 

w i t h  observed peaks *approximtely every 24 hours (Nalbandov, 

1958). 

progesterone-liire substaxces can came ovulation (Fraps, 1955). 

Further, re la t ive ly  large doses of ACTH produce premature ovula- 

?;ions i n  laying hens (van, Tienhoven, 1961). 

indicate that a 17-spirolactone em. produce a "blockage" of the  

c i rcadia i  cycle of owlatim-oviposixion. liowever, they do not 

permit a def in i te  statement as t o  which specif'ic mechanism is  

involved. 

FSfi i s  not under estrogen control a?d progesterone or 

T'ne data herein 

Blockage of a necnanism i n  the adrenohypophysis or at a 

higher level,  the Ymothalams, i s  suggested by the drug e f fec t  

on ?;he ovaries, since ovariaq involx ion  i s  drug-dependent and 

kxed ia t e ly  f o l l o w s  drug adxinistration. One possible explana- 

t ion  i s  that the spirolactone causes an increase i n  corticosterone 

release which has been shown t o  block ovulaticn (van Tienhoven, 

1961). 

corticosterone and causes premature ovulation. Since premature 

Progesterone i s  an intermediate i n  the biosynthesis of 

ovulations were not observed this does not seem t o  be a plausible 

answer. 

r 
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Three hormones (estrogens, adrogens, mAd progesterones) are 

necessary f o r  growth anrd maintenance of the oviduct. Estrogens 

stimulate Grov-th ami developent of the en t i re  oviduct, whereas 

progesterones and androgens are necessary f o r  physiological activ- 

i t y  of the anterior portion (?Talba?dov, 1959). 

indicate tha t  the r a t e  of estrogen secretLon i s  insuff ic ient  t o  

maintain the oviduct. However, imxdiately d t e r  drug treatment 

an increcse i n  ecti-ogen riust have resul ted because of the  increase 

i n  weight of both the ~ a ~ i i u - !  m d  uterus pr ior  t o  atrophy. Other- 

w i s e  an increase i n  the  vagnLm weight independent of the uterus 

would have been observed i f  %ere had been increase i n  

progesterone. 

The observations 

This experizent der?onstrates the a b i l i t y  of a 17-spirolactone 

t o  cause atrop3y of the adreral &ads i n  the bird.  Although the 

mechanisms involved are not clear, several possibLlFties are evi- 

dent. 

or the  hypothalamus, by Lnhibiting the secretion of ACTH, the con- 

t r o l l e r  of  adrenal gro;rth m-d develogrzent (Zarrow e t  al., 1961). 

The synthetic steerold has i5s effect  at the adrenohjTophysis 

m-- IX L--..,+L~~ lwpuulruiuu-ul i s  mnt likely the s i te  of the drug action since 

it has been shown t h a t  hyyophysectwg ceuses only s l i gh t  adrenal 

atrophy (Newcomer, 1959) ; xl1rlr~e.3 hypotGlalaxLc blocks resu l t  I n  

atrophy sLxilar t o  thet o'~zalr?_?l i n  5hese eqer inents .  

A second possible I"iechais-1 cf Lrug ac5ion on the ad-renals 

i s  a decrease i n  estrogen secre;lon ra te .  Adrenal 2QTertrophy i s  

estrogen dependent i n  r e t s  3-96;). Kornfeld (1957) 



has sham that the :<eight of the birds '  altrenals i s  dependent on 

estrogen levels.  

levels.  

t o  the  r a t e  of  the adrenal atrophy; md it i s  well established 

t h a t  the ovaries axe the  major somce of estrogens i n  b i rds  

( W s h a l l ,  190'1). Furthermore, these data do not rule out the  

d i rec t  effect  of  the spirolactone on the adrenals o r  ovaries. 

Tne data c l e a l y  show a decrease i n  estrogen 

Rrt'ner, the r a t e  of ovary atrophy i s  approximately equal 

The efr'ect of  a s teroid lacking both ardrogenic and estrogenic 

ac t iv i ty  (Ab.rdrosCene -3 -0ce-17-splrolactone) on the circadian 

rhy-thn of ovulation-oviposition, and on anatomical changes of the 

adrenals, the ovary, and the oviduct appeared to  be one of hypo- 

thalamic inhibition. 

 as variable. 

The influence of the s teroid upon body weight 

Following d_ru,n a&T.i:iist,ration, the  r a t e  of decrease i n  the 

circadian cycle, ovary weight, a?d adrenal wei,yht w a s  exponential. 

The r a t e  of ovtduct regression was l inear  preceded by a short 

increase i n  oviduct weight. 

I - -  
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-1 Duration of  maxim 
Dmg leve l  Per c e x  r'?zi?.?.ge dzy e f fec t  

i n  days 
(:llgrL& soajj E?ight)  I:i o-Lposi;ion 

o ( - 0 - )  (Placebo) 0.5 0 

i (1.65) 3.2  4 

2 (2.85) 13.6 3 

3 (5.10) 2 . 5  i 

4 (12.60) 28 .o 7 

'a100= percent  change per day where k i s  the calculated r a t e  
C G X l S t a J l t .  
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3ig. 1. Data showkg the effect or' a 17-spirolactone on oviposition. 

ilay zero i s  the day of 6 m g  aihirnistration. 

Per cer,t ov ipos i t l on  = [zmber of eggs laid/n-miber of aniAaals 

per group 1x100 

Fig. 2. Decrease in ovary weight, expressed as a per cent change, 

ai'xer gLv2ng a 17-spirolactone. 

Z'ig. 3. Tie cimige velght of the ovlduct after the administration 

02 a 17-spirclactoce. 

Fig. 4. The response curve of the adi-er,als to the drug. 

Fig. 5. Tfie ezfect of a 17-spirolactone on body weight as compared 

to pretreatment bady weight. 
- 

1x100 
I k i l l  day weizht - day zero weight 

day zero weight I. ia per cent body weight = 












